To determine whether grape composition and wine quality of premium wine grape cuItivars in South Africa would be improved when certain degrees of bunch removal are applied at a later stage than 14°B and when all treatments are harvested at approximately the same sugar content, one-third and two-thirds of the bunches of Chardonnay were removed at 17°B and 19°B in a field trial at Robertson for three consecutive seasons (1990 -1993). In addition to these four treatments, a control treatment (no bunch removal) and a treatment where bunches were harvested on the sunny and shaded sides of the same canopy (without prior bunch removal) at approximately 21,5°B were also included in the study. The economic use of removed grapes was determined, whereas all factors, including additional labour costs, were taken into account to establish whether bunch removal is an economically viable practice. A maximum reduction in yield of 11,6 t ha· 1 compared to that of the control was obtained when two-thirds of the bunches were removed at 19°B. No measurable compensation in berry mass occurred when bunches were removed at 17°B and 19°B. Grapes removed at 17°B and 19°B were suitable for the making of distilled and sparkling wine or for use in wine blends and thus contributed to the total income of the vineyard. Bunch removal did not improve must and wine composition. Few differences in the concentrations of individual sugar and organic acids in the grapes, and volatile acid, alcohol and ester compounds in the wines were obtained. Wine of treatments where bunches were removed tended to be of lower quality. No improvement in wine quality was found with differential harvesting on the sunny and shaded sides of the canopy. Bunch removal was labour intensive and not economically viable.
It is widely believed by winemakers that high-yielding vines produce lower-quality wines. As a result of this, cultivars in South Africa are grouped into different wine quality categories according to production levels in the different regions.
The normal way of regulating the yield of a vineyard is application of different bud loads. However different degrees of bunch removal on high-yielding vines are also commonly recommended to reduce the yield of a cultivar within certain limits believed to be necessary for good wine production. Morando et ai. (1991) showed that bunch thinning alone could not compensate for errors in or misapplication of other viticultural practices. Although chemical bunch thinning is cheaper, manual thinning is recommended because it is a more accurate way of regulating the amount of crop to be removed (Looney, 1981b; Reynolds 1989a; Petegolli, 1991; Zamboni et ai., 1991; Payan et ai., 1993) . Bunch removal proved to be successful in reducing the yield and improving fruit composition of cultivars that have the propensity to overcrop, reducing the incidence of bunch rot, ensuring consistent vine vigour and yields and improving winter hardiness by more sufficient wood maturation in regions that are subjected to frost (Bravdo et ai., 1993; Kliewer et ai., 1983; Lott & Emig, 1985; Reynolds et ai., 1986; Bavaresco et ai., 1991) .
Extensive research examining thinning and bunch removal at various stages from pre-bloom to post-veraison has already been done and is still being done to determine whether crop reduction is an economically viable practice to improve wine quality of high yielding premium cultivars. Depending on the severity of bunch removal, yield were effectively reduced when bunch removal was applied during the period from before bloom until veraison (Looney & Wood, 1977; Looney, 1981b; Bravdo et ai., 1984; Lott & Emig, 1985; Bavaresco et ai, 1991; Van Schalkwyk & De Villiers, 1992a) . However, when bunches were removed before veraison, it was reported that the vines compensated by means of an increase in the number of berries set as well as, berry and bunch mass, resulting in a smaller reduction in yields (Kliewer et ai., 1983; Sepulveda et ai., 1984; Murisier et ai., 1986; Van Schalkwyk & De Villiers, 1992b) . Almost total yield compensation occurs when bunch removal is applied on cultivars with large clusters during pre-bloom or bloom, whereas cultivars with small bunches compensate to a lessor extent. However, compensation, and thus reduction in yield, is reduced when bunch removal is delayed until after berry set. Berry mass often increases when bunch removal is applied after berry set until veraison. Maximum crop reduction is obtained when bunches are removed after veraison as berry set has been completed by this stage and cell division and growth ended (Fisher et ai., 1977; Di Collalto et ai., 1991; Van Schalkwyk et ai., 1995) .
When bunch removal was applied in high-yielding vineyards, it normally induced earlier ripening of the grapes (Valentini et ai., 1991) , whereas overcropping tended to delay ripening (Cawthon et ai., 1984; Murisier et ai., 1986) . Bunch removal reduced yield and generally changed grape composition by means of an increase in sugar content and pH and decrease in total acids (Wolpert et ai., 1983; Reynolds, 1989a; Morando et ai., 1991; Zironi et ai., 1993) . According to Sinton et al. (1978) there is a linear correlation between crop level and several of the juice components. Ough & Nagaoka (1984) , however, reported that bunch removal had a minimal effect on ripening and must composition.
Many investigators found that bunch removal improved the wine quality of different cultivars (Carbonneau et ai., 1977; Bravdo et ai., 1984; Ough & Nagaoka, 1984; Lott & Emig, 1985; Grigolli, 1989; Di Collalto et ai., 1991; Ubigli, 1991) . Wines made from the thinned treatments tended to have more intense varietal character and were of superior quality compared to the control where no bunches were removed. However, some researchers found that bunch removal had no significant effect on wine quality when applied on vines that are not overcropped (Reynolds, 1989b; Van Schalkwyk & De Villiers, 1992b) . Ough & Nagaoka (1984) also warn that the wine quality improvement that might be gained by bunch removal should be carefully weighed against the loss in tonnage delivered to the winery. The effect of bunch removal on grape composition and wine quality is therefore still a controversial question.
Crop reduction is generally recommended in vineyards where overcropping might occur. However, in South Africa it is frequently recommended by some extension officers and advisers to improve wine quality from high-yielding premium vineyards. It is important to note that in most bunch removal trials where higher sugar and pH levels and lower total acid concentrations of the thinned treatments were found, all treatments were harvested on the same day. Although grapes from the treatments that were thinned matured faster than those of the controls, it is possible that the control grapes could reach the same sugar content at a later stage and thus be equal in must composition, if not better. It is therefore technically incorrect to conclude that crop reduction improves wine quality when all treatments were not harvested at the same sugar content.
Grapes which are removed prior to 14°B are a finan-" cial loss to the producer. The objective of this trial was, firstly, to determine whether grape composition and wine quality would be improved when certain degrees of bunch removal are applied at a later stage than 14°B and when all treatments are harvested at approximately the same sugar content. Secondly, the aim was to determine whether the grapes removed during bunch removal could be used economically and, thirdly, whether bunch removal is an economically viable practice when all factors, including additional labour costs, are taken into account.
MATERIALS AND METHODS
Experimental vineyard: A Chardonnay (clone CY 268) vineyard, grafted onto Richter 110 (clone RQ 28), and spaced 2,75 m x 1,2 m, was used. The soil was classified as a Sterkspruit soil, according to the system of MacVicar et al. (1991) . It can be described as a reddish sandy clay loam soil which represents a relatively high percentage of the soils in the Robertson Breede River region.
Vines were trained onto a Six-Wire Extended Perold System (Booysen et ai., 1992) with movable canopy wires. The vines were intensively irrigated by means of microjets. Irrigation was scheduled according to tensiometers in such a way that none of the vines was subjected to water stress during any stage of the growth season. All the vines were pruned to 10 two-bud spurs and suckered to leave only the bearing shoots on the spurs. Between bloom and berry set leaves were evenly removed, where necessary, right through the canopy in the bunch zone, leaving approximately three layers of leaves (Hunter, 1992; Hunter et al., 1995) . At pea size vines were topped 30cm above the top wire. A standard disease and pest control programme against mealy bug, leaf hoper, erinose, oidium, downy mildew and botrytis rot was applied.
Treatments and viticultural determinations: The trial with six treatments was established during 1990 using a randomised block design with four replicates, each plot comprising 24 vines. One-third and two-thirds of the bunches were removed at random over the whole vine at 17°B and 19°B. In addition to these four treatments, a control where no bunches were removed, and a treatment (also without prior bunch removal) where the bunches were harvested separately on the sunny and shaded sides of the same canopy at approximately 21,5°B, were also included in the study. The experiment was conducted for three consecutive seasons (1990) (1991) (1992) (1993) . The total yield, berry mass, cane mass, budding percentage and bud fertility (number of bunches per bud allocated during pruning) were determined annually. The removed grapes were analysed for total soluble solids, titratable acidity and pH.
Grape analyses: Individual sugars (glucose and fructose) and organic acids (tartaric acid, malic acid and citric acid) were extracted from ripe, freeze-dried grapes and analysed by HPLC according to the methods described by Hunter, Visser & De Villiers (1991) .
Must analyses: During the last season of the trial, must were analysed for free amino-nitrogen content by means of an automated ninhydrin method using ammonium sulphate as reference standard (Vos et al., 1978) . Total soluble solids, titratable acidity and pH of the must were also determined before and after skin contact.
Winemaking: Grapes of all treatments were harvested at approximately 21-22°B and pre-cooled to below 10°C before being crushed and left on the skins for four hours. Thereafter, the grapes were pressed and must fer-mented to below 4 g /1 sugar following standard Nietvoorbij winemaking procedures. After bottling, wine was stored at 18°C until analyses.
Wine chemical analyses: Wines from the last two seasons were analysed approximately six months after fermentation was completed. Volatile acids, higher alcohols and esters were extracted from wines (Marais & Houtman, 1979) For calibration purposes a standard synthetic wine was prepared with 12% ethanol. An internal standard of 4-methyl-2-pentanol was used.
Wine sensory analyses: Wines of all three seasons were also sensorially evaluated for aroma character and overall wine quality by a trained panel consisting of 15 tasters six months after bottling. Experienced tasters who were able to identify the different descriptors were used. Tastings were done in a special tasting room. A ninepoint scale developed by Tromp and Conradie (1979) was used to determine cultivar character and overall wine quality.
Economic viability: Time studies for bunch removal and harvesting were done to determine the total costs involved in bunch removal. Economic projections, which included the use of the removed grapes for the making of different wine products, were also done to determine whether bunch removal is an economically viable practice. The potential income from the removed grapes and grapes harvested at maturity, calculated for the specific wine objective, was based on the mean minimum wine prices of the KWV* over the three years of the trial. Potential gross income was calculated on the basis of the wine scores received and projected in accordance with the mean lowest and highest prices that were paid for Chardonnay during these three seasons.
Statistical analyses: An Anova analyses was performed on the viticultural data and the wine sensory data were statistically analysed using Friedmans non-parametric test (Siegel, 1959) RESULTS AND DISCUSSION Viticultural performance: Although manual bunch removal is an accurate method to ensure that the correct percentage of bunches is removed, it does not nec~ssari ly mean that yield at maturity is reduced in the same proportion (Fig. 1 ). It appears that some degree of compensation by the vines occurred after bunch removal. Although no significant differences in berry mass of the removed grapes were found between treatments, bunch masses of the treatment where 2/3 of the bunches were removed at 19°B and those of the treatment harvested on the sunny side were lower than that of bunches removed at 17°B (Table 1) .
Bunch removal at l7°B and 19°B advanced the harvesting date of the remaining grapes by 4-5 days compared to those of control vines (Table 2) . It is also evident that bunches situated on the shaded side of the canopy took longer to reach the same maturation level than the other treatments. When the mean berry mass at maturity (Table 2 ) is compared to that during bunch removal (Table 1 ). It appears that the vines did not compensate for the loss of bunches. It is possible that the smaller number of bunches per vine reduced the photosynthetic activity of the leaves because of a lower assimilate demand. Kaps & Cahoon (1989) found that photosynthesis increased in response to greater assimilate demands when the crop level of potted and field-grown Seyval blanc vines per plant was increased. It is quite conceivable that the reverse may also happen. That may also explain why the mean bunch mass of the control was significantly higher than that of the bunch remove treatments (Table 2) .
In contrast to previous findings, where bunch removal was applied at different phenological stages (Carbonneau et aZ. 1977; Fisher et aZ., 1977; Looney, 1981a; Looney, 1981b; Bravdo et aZ., 1984) , bunch removal had no effect on shoot mass (Table 2) . In this study a general decline in overall vegetative growth of all treatments was noted during the study period. It would appear as if the amount of carbohydrates (sucrose) which is canalised to the vegetative parts of the vines decreased when bunches were removed at 17°B or 19°B. Budding percentage and bud fertility of the vines were not affected by the removal of bunches at either 17°B or 19°B (Table 2) . However, an increase in bud fertility of all treatments was noted after the first year, whereafter it declined (data not shown).
Although bunch removal had no effect on the total yield (removed plus harvested) of Chardonnay during individual seasons, the mean total yields of the control and the treatment where 2/3 of the bunches were removed at 17°B, were significantly higher than those of *KWV -Co-operative Wine Growers' Association of South Africa Ltd. (1990 -1993 the treatments where 2/3 of the bunches were removed at 19°B and where grapes were harvested differentially (Fig. I) . The latter two treatments and the treatment where 1/3 of the bunches were removed at 19°B tended to have the lowest bunch mass ( Table 2 ). The highest crop mass at maturity was harvested from the control and the treatment where 1/3 of the bunches were removed at 17°B. The biggest reduction in yield, 11,6 t ha-I less than the control, was obtained when 2/3 of the bunches were removed at 19°B. Vines apparently yielded slightly less grapes on the sunny side of the canopy.
Must composition and wine performance: Must analyses showed that grapes removed at 17°B and 19°B were suitable for making distilled and sparkling wine or for use in wine blends (Table 1) . Zironi et ai., (1993) even found that grapes of Chardonnay removed at 12°B were suitable for the production of fermented juices with a low alcohol content, which can either be used as a pure beverage or mixed with other juices.
As all treatments were harvested at approximately 21,5°B, few differences in must analyses were found at maturity (Table 2 ). It is evident that bunch removal had little effect on grape and must composition. The thorough canopy management practices, which created an uniform microclimate and well-exposed leaves and bunches, most probably contributed largely to the ability of the control vines to sufficiently ripen a much bigger crop. This was also found by others (Smart, 1984; et aI., 1990) .
Titratable acid and pH of the must of the bunch removal treatments were significantly affected (Table 3).   TABLE 3 When must composition before and after skin contact is compared, it would appear as if a high percentage of the acids was lost during this process, which not only decreased the total acidity, but increased the pH of the must as well. It also seems as if the wine quality of these treatments tended to be lower (Table 4) , the overall wine quality of the 2/3 bunch removal treatment at 19°B being the lowest.
Sensory description of some specific aromas and the intensities of aroma nuances were also used to determine differences between wines (Fig. 2) . Bunch removal apparently induced differences in wine aroma profiles.
Bunch removal also had a marked effect on the concentrations of some individual volatile alcohol, acid and ester compounds in the wines (Fig. 3) . With few exception, concentrations of certain compounds (i-Amyl Alcohol, Ethyl Caproate, 2-Phenyl-Ethyl Acetate, 2-Phenyl Ethanol & Octanoic Acid) in control wines tended to be higher during some seasons (data not shown) and might have contributed to the higher quality tendency of the control wines (Table 2 ).
Economic viability: Time studies done during bunch removal and harvesting showed that bunch removal is a labour intensive practice, particularly when an accurate reduction in yield was to be obtained (Fig. 4) .
Calculation of the potential gross income clearly shows that bunch removal of Chardonnay is not an economically viable practice under the conditions of the trial in the Robertson region (Fig. 5) .
Mean effect of degree of bunch removal at different stages during ripening on the must composition of Chardonnay (clone CY 268) after skin contact (1990 -1993 * The same vines were used for differential harvest on the sunny and shaded sides of the canopy. As grapes from both were suitable for making wines of good quality, wines were also made from grapes harvested on the sunny side and statistically compared with wines from other treatments. * The same vines were used for differential harvest on the sunny and shaded sides of the canopy. As grapes from both were suitable for making wines of good quality, wines were also made from grapes harvested on the sunny side and statistically compared with wines from other treatments. Mean effect of bunch removal on the concentration of individual volatile acid, alcohol and ester compounds in the wine of Chardonnay (clone CY 268) (1990) (1991) (1992) (1993) . Compounds with similar concentrations were grouped together. Bars of different labour measurements designated by the same letter do not differ for each labour measurement (pS; 0,05). Mean gross income that could be generated from Chardonnay (clone CY 268) at Robertson, on the assumption that all the grapes be used economically and compensated for according to wine scores received (1990) (1991) (1992) (1993) ,
